Context. The majority of magnetic chemically peculiar (mCP) stars exhibit periodic light, radio, spectroscopic and spectropolarimetric variations that can be adequately explained by the model of a rigidly rotating main-sequence star with persistent surface structures. CU Vir and V901 Ori belong among these few mCP stars whose rotation periods vary on timescales of decades. Aims. We aim to study the stability of the periods in CU Vir and V901 Ori using all accessible observational data containing phase information. Methods. We collected all available relevant archived observations supplemented with our new measurements of these stars and analysed the period variations of the stars using a novel method that allows for the combination of data of diverse sorts. Results. We found that the shapes of their phase curves were constant during the last several decades, while the periods were changing. At the same time, both stars exhibit alternating intervals of rotational braking and acceleration. The rotation period of CU Vir was gradually shortening until the year 1968, when it reached its local minimum of 0.52067198 d. The period then started increasing, reaching its local maximum of 0.5207163 d in the year 2005. Since that time the rotation has begun to accelerate again. We also found much smaller period changes in CU Vir on a timescale of several years. The rotation period of V901 Ori was increasing for the past quarter-century, reaching a maximum of 1.538771 d in the year 2003, when the rotation period began to decrease. Conclusions. We propose that dynamical interactions between a thin, outer magnetically-confined envelope, braked by the stellar wind, with an inner, faster rotating stellar body is able to explain the observed rotational variability. A theoretically unexpected alternating variability of rotation periods in these stars would remove the spin-down time paradox and brings a new insight into structure and evolution of magnetic upper-main-sequence stars.
Introduction
In addition to mass, all stars inherit a fraction of the angular momentum of the mother cloud out of which they condensed. Consequently, all stars rotate. Stars spend the prevailing part of their lives as main-sequence (MS) objects fusing hydrogen in their cores. During the MS phase, the angular momentum of stars without mass-loss is conserved. This implies that stellar rotation period changes should occur on the timescale of the moment of inertia variations, which is of the order of 10 7 − 10 9 years (Meynet & Maeder 2000) . How do we test this?
The magnetic chemically peculiar (mCP) stars, which have an abnormal surface chemical composition, are the most suitable test beds for studying the rotational evolution in upper MS stars. The overabundant elements in their atmospheres are con-centrated into large, persistent spot regions. As the star rotates, periodic variations in the brightness, spectrum, and magnetic field are observed. Combining both present and archival observations of mCP stars collected over the past several decades, we can reconstruct their rotational evolution with unprecedented accuracy.
Careful period analyses of photometric observations of dozens of the best-monitored mCP stars listed in the On-line catalogue of photometric observations of magnetic chemically peculiar stars ) have been performed in Mikulášek et al. (2011) . They confirm our theoretical expectations that the rotation periods and light curves of most upper MS stars are constant on timescales of decades. A few mCP stars display secular cyclic changes in the shape of their light curves (see e.g. Žižňovský et al. 2000) , which can be attributed to the precession of magnetically distorted stars (Pyper & Adelman 2004) . However, there is also a small subgroup of hot mCP stars that have stable light curve shapes and spectroscopic variability, but exhibit variable rotation periods (Pyper et al. 1998; Mikulášek et al. 2008; Townsend et al. 2010 ). Constancy of their light curves on the scale of decades excludes precession as the cause of the observed period changes (for details see Mikulášek et al. 2008) .
This letter concentrates on the period analysis of the bestmonitored mCP stars -CU Virginis and V901 Orionis.
The stars
2.1. CU Virginis CU Vir = HD 124224 = HR 5313 is one of the most enigmatic stars in the upper MS. This very fast rotating silicon mCP star has a moderate, nearly dipolar magnetic field (Borra & Landstreet 1980; Pyper et al. 1998 ) with the pole strength of B p = 3.0 kG tilted towards the rotational axis by β = 74
• , the axis inclination being i ≃ 43
• (Trigilio et al. 2000) . CU Vir is the only known MS star that shows variable radio emission, resembling the radio lighthouse of pulsars (Trigilio et al. 2008 (Trigilio et al. , 2011 Ravi et al. 2010) , it also displays variations in light and spectral lines of He i, Si ii, H i, and other ions. The nature of its variability is minutely studied in Krtička et al. (2011) . CU Vir belongs to the most frequently studied mCP stars.
Occasional rapid increases in its rotation period have been reported and discussed. Pyper et al. (1997 Pyper et al. ( , 1998 Trigilio et al. (2008 Trigilio et al. ( , 2011 observed another increase in the period of radio pulses of ∆P = 1.12 s with respect to the period determined by Pyper et al. (1998) . However, the 2010 measurements indicate some period decrease. The rate of the deceleration can be evaluated using the spin-down time, τ, defined as τ = P/P, where P(t) is the instantaneous rotation period at the time t andP is the mean rate of the rotational deceleration. The paradox of CU Vir is according to Mikulášek et al. (2011) that its spin down time, τ ∼ 6 × 10 5 years, is more than two orders of magnitude shorter than the estimated age of the star -9 × 10 7 yr (Kochukhov & Bagnulo 2006) .
V901 Orionis
V901 Ori = HD 37776 is a young hot star (B2 IV) residing in the emission nebula IC 432, with a global, extraordinarily strong (B s ≈ 20 kG), and unusually complex magnetic field (Thompson & Landstreet 1985; Kochukhov et al. 2011 ). The observed moderate light variations are caused by the spots of overabundant silicon and helium (Krtička et al. 2007 ).
Three decades of precise photometric and spectroscopic monitoring have revealed a continuous rotational deceleration (Mikulášek et al. 2008) , increasing the period of about 1.
d 5387 by a remarkable 18 s! Ruling out (a) the light-time effect in a binary star, (b) the precession of the star's rotational axis, and (c) evolutionary effects as possible causes of the period change, we interpreted the deceleration in terms of the rotational braking of the outer stellar layers as caused by the angular momentum loss in the stellar magnetosphere.
However, this cannot explain the discrepancy between the spin-down time, τ = 2.5×10 5 yr, and the star's age of one million years or older (Mikulášek et al. 2008 (Mikulášek et al. , 2010 Kochukhov & Bagnulo 2006) . The interpretation of the rotation period evolution by simple angular motion loss was also questioned by the negative value of the second derivative of the period:P = −29(13) × 10 −13 d −1 , which indicated that braking could change into acceleration (Mikulášek et al. 2008) . Nevertheless, the significance of this conclusion was fairly low.
Observations
For the period analyses of CU Vir we obtained some new photometric or spectroscopic data, specifically: 1) JK derived 210 individual spectrophotometric magnitudes in 21 bands (201 -299 nm) by processing 10 IUE spectra, in 1979 January -March (for details see Krtička et al. 2011) ; 2) GWH obtained 374 precise BV measurements at Fairborn Observatory Arizona, USA, in 2010 February -2011 June; 3) JL obtained 38 V measurements using his own microtelescope at the SAAO, South Africa and Brno, CR, in 2010 April -June ; 4) JJ obtained 251 vb observations at Suhora Observatory, Poland, in 2011 March; and JJ+JL obtained 536 UBV measurements using the 0.5m reflector of the SAAO, South Africa, in 2011 May.
We collected a total of 8965 individual measurements of CU Vir obtained between 1949 and 2011 (62 years or 43662 revolutions of the star) including 8270 photometric and spectrophotometric measurements in photometric bands from 200 to 753 nm as well as spectroscopic, spectropolarimetric and radiometric observations. The diverse observational data originated from 39 sources (see the list in Appendix B).
The V901 Ori data listed in Mikulášek et al. (2008) were enhanced with 98 precise BV measurements obtained by GWH at Fairborn Observatory Arizona, USA from September 2009 to February 2011. We used a total of 2611 individual measurements obtained from 1976 to 2011 from 14 sources. In addition to 2409 photometric measurements, the data include 202 measurements of equivalent widths of eleven selected He i lines.
The models and their results
The method of data processing, outlined in the Appendix A, assumes that phase curves of all monitored quantities are constant, while the 'instant period' of changes P(t) is variable in time t. It is advantageous to introduce a 'phase function' ϑ(t, b), which is a continuous monotonic function of time t. The fractional part of it corresponds to the common phase ϕ, the integer part is the socalled epoch (E) and b is a set of g b free parameters describing a model of the period development. Quantities P(t) and ϑ(t, b) are bound by the simple equality P(t) = 1/θ, where the dot refers to the first time derivative of the quantity. Because we did not know the true nature of observed period changes of P(t) we chose standard low-orders polynomials for their description.
CU Virginis
The period changes P(t) (see Fig. 1 ) can be adequately approximated by a cubic parabola with the origin at the time t = T 0 ,
where A and Π are parameters expressing the amplitude and timescale of the observed period changes, and Θ is a time-like function. The instant period P(t) reaches its local extrema P 0 ∓ A at Θ 1,2 = ∓ 1 2 , where P 0 is the period at the time of t(Θ = 0) = T 0 . The value Π then equals the duration of the rotation deceleration epoch that took place in the time interval t 1,2 = T 0 ∓ 1 2 Π. Applying the equalityθ = 1/P(t), we obtain the following approximation for the phase function in the form of the fourthorder polynomial of time
where ϑ 0 is the phase function for a linear ephemeris with the origin at M 0 ≡ 2 446 730.4447 and the basic period P 0 . Using the above formulated phenomenological model, we derive P 0 = 0. 
, where k is an integer and
The basic model fits the observed long-term period changes very well and enables us to predict the zero phase times with an accuracy of 0.001 d. However, the analysis of the residuals from the accepted polynomial model reveals an additional variation. Between 1988 and 1998, for which there is excellent photometric coverage (Adelman et al. 1992; Pyper et al. 1998 ), we find a small modulation of the period on a timescale of several years (Fig. 2) .
V901 Orionis
For the phase function of V901 Ori we adopted polynomials in the form of the third-order Taylor-expansion, also used in Mikulášek et al. (2008) :
where ϑ 0 is the phase function for the linear ephemeris with the origin at M 0 . P 0 andṖ 0 are the instantaneous period and its first derivative at M 0 . We assumed that the second derivative of the period,P, is constant throughout the interval of observations. We put the origin, M 0 = 2 449 967.969(5), at a brightness maximum (in 1999). Our fitted parameter values include P 0 = 1. d 538756(3), the instantaneous period at time M 0 , anḋ P 0 = 11.3(0.7) × 10 −9 = 0.356(23) s yr −1 andP = −4.4(6) × 10 −12 d −1 = −1.38(19) × 10 −5 s yr −2 , the first and second time derivatives. The negative value ofP is now established with 7-σ certainty. Accordingly, the star reached its longest period, P max = 1. d 5387709(15), in 2002.8 ± 1.1, and is now accelerating again (see Fig. 3 ). The zero-phase timing can be calculated by the relation
, where k is an integer. There is no indication of any short-term period modulation analogous to that seen in CU Vir.
Discussion
We were able to reveal unexpected alternating lengthenings and shortenings in the periods of CU Vir and V901 Ori owing to simultaneous processing of all available observational material obtained during many decades, including our own observations made in 2007-11. The period evolutions of both stars were modelled by polynomials of low degrees. In the case of CU Vir we also tested a fit with a harmonic function ) and a Gaussian function corresponding to the transient nature of the phenomenon. The only differences among them are noticeable at the very beginning of our observations, which slightly favour the latter two alternatives.
The possible harmonic-like changes of the observed periods of both stars together with the strict constancy of the phase curves can in principle be explained by the light time effect caused by an invisible companion orbiting the star in a nearly circular orbit. However, this orbital motion would be revealed by considerable radial velocity variations ∆RV. In the case of CU Vir the observed change in the period ∆P of 3.8 s corresponds to a variation ∆RV = c∆P/P = 25 km s −1 , while the observed change in V901 Ori period of ∆P ≃ 20 s predicts a ∆RV variation of even 45 km s −1 ! However, no such longterm RV variations synchronised with period changes have been found (Pyper et al. 1997; Mikulášek et al. 2008) . Additionally, the light time effect cannot explain the complex medium-term period variations observed in CU Vir (see Sec. 4.1, Fig. 2) .
We conclude that the observed period variations are caused by uneven rotation of surface layers of the stars (Stȩpień 1998; Mikulášek et al. 2008 Mikulášek et al. , 2011 . However, the physical explanation of the observed rotation period variations is not straightforward. Rotational braking by angular momentum (AM) loss via a magnetised stellar wind (Mikulášek et al. 2008 ) cannot be the sole cause of the period variations because we detected intervals when the rotational period decreases. Consequently, the AM loss may affect only the outer stellar envelope that is hardened by the global magnetic field, leaving the faster rotating core unaffected. Intervals of rotational deceleration may then alternate with intervals of angular momentum exchange between the slowly rotating envelope and the faster rotating core. The latter manifests itself by the rotational acceleration of the outer envelope.
However, this explanation is theoretically challenging. Given the intermediate age of CU Vir, the detected rotation variations are likely not connected with the transient behaviour that is connected with settling into the MS stage. Therefore, we can expect a stable inner configuration in both stars. As follows from Flowers & Ruderman (1977) and Braithwaite & Nordlund (2006) , the magnetic fields confined to the outer stellar layers only are unstable. On the other hand, a magnetic field that penetrates deep into a star causes nearly uniform rotation (Moss et al. 1990; Charbonneau & MacGregor 1992; Maeder & Meynet 2003) .
The possible role of stellar winds in the mechanism of the rotational instability is supported by the fact that stronger period variations are detected in V901 Ori, which is more luminous than CU Vir and, consequently, has a stronger stellar wind (Krtička & Kubát 2001) . Moreover, this could help to explain the fact that the younger star V901 Ori rotates more slowly than CU Vir.
All these considerations should be the subject of additional physical modelling. Nevertheless, the aim of this letter is more unpretentious -we only want to draw the attention to an interesting property of the rotation of some upper MS stars.
Conclusions
Our study investigated the nature of the rotational period variations in two well-observed mCP stars CU Vir and V901 Ori. Contrary to the results of previous studies, we show that the period changes are not monotonic -intervals of rotational deceleration alternate with intervals of rotational acceleration, all on the timescale of several decades. These results explain the spin-down time paradox of these stars, according to which the spin-down time was significantly shorter than the age of these stars. On the other hand, this unexpected behaviour of two fairly dissimilar mCP stars poses a strong challenge for any theoretical models.
